The NASA airborne Thermal Infrared Multispectral Scanner (TIMS) was flown over Death Valley, California on both a daytime flight and a nighttime flight within a two-day period in July 1983. This Daedulus scanner has six channels in the thermal infrared, between 8 and 12 pm. Calibrated digital spectral radiance data from these flights, along with Landsat Thematic Mapper (TM) reflectance data, permit the calculation of both spectral emittance and thermal inertia. spectral emittance images were derived for the test area for data sets from both the day and night tests, and they show good qualitative agreement. Comparison of the numerlcal values of emittance derived from these day and night images shows a decrease in spectral contrast at night. This is probably due primarily to an increased atmospheric contribution to the radiance reaching the sensor at night_ whm_ the ground is cold, rather than to a change in spectral characteristics of the surface at night. These spectral emittance data contribute to an understanding of the physical basis for the discrimination of differences in surface materials afforded by TIMS data. These emittance data show good qualitative agreement with field emittance data taken in the same areas and with laboratory spectral reflectance data for samples from the Death Valley area. The strongest spectral feature commonly seen lies between 8 and 10 pm and is ascribed to the fundamental silicon-oxygen stretching vibration of quartz and other silicate minerals. This feature allows identification of quartzite and discrimination of other silicate rocks in images produced from the TIMS data. Spectral features of other minerals, such as the = 11.3 pm band of carbonates, are also detectable in laboratory spectra and field spectra.
INTRODUCTION
The NASA airborne Thermal Infrared Multispectral Scanner (TIMS) has six wavelength channels between 8 and 12 pm, an instantaneous field of view of 2.5 mrad, and a total field of view of 80 degrees (Kahle and Goetz, 1983; Palluconi and Meeks, 1985) . The instrument has excellent sensitivity, ranging between 0.1 and 0.3 K noise-equivalent temperature change in each channel at 300 K. Spectral radiance data are acquired in digital format, with calibration provided for each scan line by two built-in black bodies at measured temperatures.
In July 1983, the TIMS was flown over Death Valley, California ( Figure 1 ) on a daytime flight and a nighttime (predawn) flight within a two-day period. Data were provided to JPL by NASA/NSTL as calibrated computer compatible tapes. The measured spectral bands during the 1983 flights were 8.15-8.5, 8.6-9.0, 9.G9.3, 9.6-10.2, 10.3-11.1, and 11.3-II.6 pm. These wavelengths are slightly changed from those reported earlier (Kahle and Goetz, 1983) , because the instrument configuration has changed (Palluconi and Meeks, 1985) . The availability of calibrated digital data permits the calculation of day and night surface temperature, surface spectral emittance, and (when Landsat TM data are also available) thermal inertia. The term "emittance" is used here to describe the ratio of the measured radiance from a natural surface to the radiance of a black body at the same kinetic temperature. 
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Valley 859 I recognize that the term "emissivity" is often used for this ratio, but prefer to reserve the term "emissivity" to describe the same ratio as an intrinsic property of a pure substance.
DATA PROCESSING
Preliminary image processing of the data from both the day and night flights included panoramic correction and calibration to radiance using the onboard black bodies and the measured spectral response of each channel. See Palluconi and Meeks (1985) or Kahle et al. (1980) for details of these calculations. Examination of black-and-white images of the six channels of radiance data revealed the presence of noise in the data. Scene-dependent, isolated point noise due to bit drops was located by the relatively discontinuous values and replaced by the average of the surrounding data values. Bad lines were repaired using values interpolated from adjacent lines. Coherent noise due to microphonics was not removed in these data as it' had been in earlier data sets (Kahle, 1983) because it was not judged to be too severe.
The measured radiance has a strong dependence on the surface temperature, causing the radiance data to be very highly correlated from one spectral channel to the next. However, much of the diagnostic information in the multispectral data lies in the emittance variations as a function of wavelength. For this reason, an image-processing technique based on a principal-component transformation, called a decorrelation stretch, has been used in our recent studies using TIMS data (Kahle and Goetz, 1983; Gillespie et al., 1984) . This process, described in detail by Gillespie et al. (1986) , causes most of the spectral emittance differences between surface units to be displayed as color differences, while most of the temperature variation is displayed as intensity differences. The surface units in the image tend to have the same hue as those in a conventional color composite using the same bands, only they are more saturated. Both day and night decorrelationstretched color-composite images were created for this Death Valley data set (Figures 2 and 3) . Bands 1, 3, and 5 were displayed in blue, green, and red, respectively. In these images, which cover approximately 12 x 24 km (east is at the top), the floor of Death Valley crosses the center of the images, and a portion of the Panamint range is at the bottom (west). The geology of the area was mapped by Hunt and Mabey (1966) , and Gillespie et al. (1984) have discussed the geology, with emphasis on the alluvial fans as interpreted from earlier TIMS data. As noted in our earlier papers, with this particular bandcolor display, quartz-rich rocks appear red, carbonates are blue-green, and volcanics and shales appear blue to purple. Comparison of the day-night pair shows that the hues, corresponding to emittance, are similar in the various rock units, while the most striking differences between images are in the intensities of various units, explainable on the basis of daynight temperature effects. Thus, Figures 2 and 3 tend to confirm that the decorrelation stretch processing displays spectral differences in color, and temperature in intensity (discussed in more detail later). The purpose of this paper is to go beyond this decorrelation stretch to look at emittance and temperature data separately. This equation is solved numerically for ground temperature for each pixel in channel 6. Using these temperature values, Planck' s law is then solved in each of the other channels for emittance E*. The assumption of constant emittance in channel 6 is easy to use and any errors introduced are not too serious. However, one must remember the implications this assumption will have when interpreting the results. In particular, laboratory and field spectra indicate that, in general, the silicates will still have a somewhat depressed emittance in this wavelength region, and that the carbonates have a fairly significant emission minimum centered in this region. Both rock types, then, may have an emittance near 0.93, the chosen value; but other rocks, soils, and vegetation may have higher emittance values here. Underestimating the emittance has the effect of raising the calculated temperature, and hence lowering the calculated emittance, elsewhere in the spectrum for the surface materials (rocks, soils, vegetation). The position of the maximum of the black-body curve of radiance as a function of wavelength (Planck' s law) shifts as a function of temperature. Therefore, an error in calculation of temperature will also cause a slight change in the shape of derived spectral curves; however, in most cases, this will be of secondary importance.
CALCULATION OF TEMPERATURE, EMITTANCE
Both day and night data sets were processed by the method just described. There are significant differences to be seen in the day and night temperature images which, as indicated above, were derived from channel 6 (Figures 4 and 5) . These images display temperature as brightness, with hotter areas brighter. They are "stretched" separately so that a brightness value in one image cannot be compared directly with a brightness value in the other image. Although numerical values of the temperatures do exist, these stretched images should only be used in a relative sense. In the day image, shaded slopes The emittance images, which were created for channels 1 through 5 for both the day and night data, are shown in Figure 8 with high emittance areas being bright. In addition, channels 1, 3, and 5 of the emittance were displayed in blue, green, and red, respectively, using the decorrelation stretch, for both the day and night data sets (Figures 9 and 10) . The similarity of the day and night images demonstrates that the procedure for removing the temperature and displaying only emittance is at least qualitatively correct. The emittance images of channel 5 for both day and night (Figure 8 ) appear quite noisy, an artifact introduced by assuming that all emittance values in channel 6 are equal to a constant. Because the emittance in channel 5 is correlated to the emittance in channel 6, it also is being forced toward a constant value, leaving small dynamic range in the image.
The original daytime radiance images (not shown), along with the daytime temperature image, show marked temperature patterns related to topography and moisture; these patterns are for the most part removed in Figures 8-10 . The most notable remaining difference between the day and night images of Figures 9 and 10 is in the Furnace Creek fan, where increased moisture could change the spectral signature of the material. It is also possible, as discussed earlier, that there might be a skewing of the spectral curve caused by an error in the assumed value of the emittance in channel 6. This change in spectral shape could be more significant on this fan because of the extreme diurnal temperature range.
Spectral differences among rock units are consistent from day to night. In the black-and-white emittance images (Figure  8 In Figure 11 , selected daytime five-value TIMS spectra are shown as a solid line and the night data are shown as a dashed line. In these examples, and also in 84 other derived spectra, the value in channel 1 is consistently several percent higher in the night data than in the day data. I ascribe this to atmospheric effects. Channel 1 is in the wing of an atmospheric water band, and these data have not been corrected for atmospheric absorption and emission. Kahle et al. (1981) of the total signal reaching the sensor. In Figure 11 , it can be seen that the apparent total spectral range is thus decreased at night (predawn) when the ground is very cold. It is possible, though, that there are real changes in the spectral emission from day to night caused by the change in direction of the near-surface temperature gradient. This effect needs to be investigated further. For the daytime spectra, as expected, the quartzites have the lowest values in channels l-3. The fact that the dolomite spectrum should be essentially flat, but instead its emittance is rising with wavelength, I suspect is due to atmospheric effects. If the data were normalized to a flat spectrum for the dolomite, then the remaining intermediate spectra (volcanics and shale) would display a weak minimum somewhere between 9 and 10 urn, as expected.
The field spectra in Figure 12 show the same features for these units. The dashed line is the measured radiance of the surface (taken from a distance of 1 m) and the dot-dashed line is the radiance of a black body, which best fits the surface radiance curve. The top (solid) line is the emittance, derived by taking the ratio of the surface radiance to the fitted blackbody radiance. Figure 13 shows the laboratory diffusereflectance spectra of solid samples. By Kirchoff' s law, the reflectance should be equal to one minus the emittance. While some authors use this relationship, and invert the reflectance data for easier comparison to the emittance, I leave them as reflectances because they were acquired to emphasize the method used.
In both the field and laboratory spectra one can see the strong quartz feature between 8 and 10 urn for the quartzites, a weaker Si-0 feature at higher wavelengths for the volcanics and the shale, and the fairly flat spectrum of dolomite, in the wavelength range of the TIMS. The very strong CO, feature in the latter (between 6 and 7 urn) cannot be viewed remotely due to the strong atmospheric absorption. The preliminary laboratory and field spectra presented here appear to vaiidate the interpretation of the IT-MS data. Futher work is planned with all instruments, including a modification of the laboratory spectrometer to obtain emission spectra. SUMMARY TIMS is unique in allowing the collection of both spectral emittance information and thermal information in digital format with the same airborne scanner. For the first time it has been possible to produce coregistered day and night emittance images of the same area. The day-to-night differences a~ppear to be primarily due to increased importance of atmospheric emission to the total signal received at night. The spectral data presented enhance our understanding of the physical basis for the discrimination of differences in surface materials afforded by TIMS data. The emittance data from Death Valley show good qualitative agreement with both field emittance data taken in the same area and laboratory spectral reflectance data for samples coilected there. Temperature data and an apparent thermal inertia image produced from the same data set serve to separate some bedrock units, to differentiate bedrock from alluvium, and to allow some inferences about the soil moisture and/or soil conditions on some of the alluvial fans. With NASA' s approval, the scanner is now available for use by investigators from any discipline.
